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ABSTRACT 


The goal of this research project was to design a VLSI implementation of the 
required digital circuitry to utilize ferroelectric memory as a portion of main 
microprocessor memory. An_ interface between National Semiconductor's 
NM 24CFO04, a nonvolatile, serial-access, ferroelectric memory device, and Intel's 
8086 microprocessor was designed and implemented using SSI/MSI technology in 
a previous study. This thesis discusses the redesign of the previously designed 
circuit for VLSI implementation. The layout was accomplished using the Magic 


graphical layout editor and tested using the Esim event driven logic-level simulator. 
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I. INTRODUCTION 


A. BACKGROUND 





Ferroelectric capacitor memory (FECM) ceils are 
incorporated in the Nationai Semiconductor NM24CF04 4096-Bit 
(512 ~ 8) CMOS Serial Nonvolatile Memory. These memory chirs 
provide the possibility of implementing non-volatile computer 
main memory. Recent studies [Ref. 1] have demonstrated the 
feasibility of directly interfacing FECM to a microprocessor 
memory bus. 

1. FECM Theory of Operation 

FECM are constructed using a modified silicon CMOS 
semiconductor process. Figure 1 shows a typical structure for 
a simple ferroelectric capacitor [Ref. 2]. A commonly used 
ferroelectric material is lead zirconate titanate (PZT). The 
PZT dielectric is deposited between two electrode layers, 
forming a capacitor. The capacitor is charged when written to 
and the charge is retained for greater than ten years in the 
case of the NM24CF04 FECM. The celi is read by applying a 
voltage across the capacitor and observing the current pulse 
generated. 

A small current pulse indicates a 'l' is stored in the 
cell while a large current pulse indicates a '0' is stored in 


the cell. It should be noted that the read operation is a 


“destructive read" and the data must be written back to the 


device. 
















TOP ELECTRODE 
FERROELECTRIC 
MATERIAL 







POLY GATE 


2 








BOTTOM 
ELECTRODE 


sD sD 
P. WELL OR N- WELL 





SILICON DIOXIDE 





kK  \§ ____. 


MOS TRANSISTOR FERROELECTRIC CAPACITOR 








Figure 1 Ferroelectric Capacitor Device, [Ref.2]. 


Current technology has demonstrated several advantages 
and favorable characteristics of FECM [Ref. 3], including: 1) 
non-volatility, 2) long retention (>10 years @ 25°C), 3) 
endurance (10'° write cycles), and 4) radiation hardness (>10"' 
RADs(Si/sec)). Therefore, FECM's are ideal for many military 
and space based systems. 

2. National Semiconductor's NM24CF04 

The NM24CF04 is fabricated with advanced CMOS 
ferroelectric technology [Ref. 4]. The device provides a 4096- 
bit nonvolatile memory, internally organized as two 256 x 8- 
bit pages. It uses a serial interface on a two-wire bus with 
practically unlimited erase/write cycles and supports a 


bidirectional bus oriented protocol. When power is removed, 


the data remains stored in the ferroelectric cells. Figire 2 


shows a connection diagram for the device. 








Figure 2 NM24CF04 Pin Diagram, [Ref. 4]. 


Serial Data (SDA): SDA is a bidirectional pin used to 
transfer data into and out of the device. It is an open-drain 
output and may be wire ORed with any number of open-drain or 
open-collector outputs. A pull-up resistor is required. 

Serial Clock (SCL): The SCL input is used to clock 
all data into and out of the device. Data states on the SDA 
line can change only during SCL LOW. SDA state changes during 
SCL HIGH are reserved for indicating start and stop 
conditions. 

Address (AO): AO is unused by the NM24CFO04, however, 
it must be tied to GND to insure proper device operation. 

Address (Al,A2): The Address inputs are used to set 
the least significant two bits of the six bit slave address. 
These inputs can be driven with logic or tied high or low. The 
four most significant bits of the slave address are tied to V., 


or GND to form the "Device Type Identifier" nibble '1010’. 


Pins Al and A2 connected to +5 volts or ground to establish a 
hardwirzd address for the device. Two bits allow four 
different devices to be addressed. 

3. Microprocessor System 

The most commonly used 16-bit microprocessors today 
are the Intel 8086 series and the Motorola 68000. Previous 
studies [Ref. 1] used the Intel 8086 in the minimum mode. The 
thrust of this thesis research is centered around the Intel 
8086 [Ref. 5], although the monitored signals could easily be 
converted to allow the use of the Motorola 68000 chip. The 
Minimum Mode System configuration is shown in Figure 3. 

In the minimum mode, the CPU emits the bus control 
signals for memory. In the maximum mode, an 8288 Bus 
Controller assumes the responsibility of controlling all 
devices on the system bus. The CPU incorporates two separate 
processing units. These are the Execution Unit (EU) and the 
Bus Interface Unit (BIU). The EU executes instructions and the 
BIU fetches instructions, reads operands, and writes results. 
The two units operate independent of one another and are able, 
under most circumstances, to extensively overlap instruction 
fetch with execution. The 8086's instruction stream queue can 
store up to six instruction bytes. When two or more bytes of 
the 6-byte instruction queue are empty and the EU does not 
require the BIU to perform a bus cycle, the BIU executes 


instruction fetch cycles to refill the queue. The BIU normally 


fetches two bytes unless the fetch is from the odd address, 
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Figure 3 8086 Minimum Mode System, [Ref. 5]. 


where the BIU only fetches the byte from the odd address. The 
BIU is responsible for executing all external bus cycles to 
read data from memory or write data to memory. All bus cycles 


consist of a minimum of four clock cycles or "T-states" know 





as T,, Tz, T;, and T,. Figure 3 shows a typical BIU bus cycle. 

A bus cycle consists of a chain of events in which the 
address of memory location is output, then a read or write 
control signal is presented, followed by the data in a write 
operation. The addressed device accepts the data on a write 


cycle or places data on the bus during a read operation. 


For slow devices, such as the NM24CF04, wait states 
must be inserted between T,; and T,. During a wait state, the 
data on the bus remains unchanged. Upon completion of the 
cycle, memory latches data written or the BIU removes data 


read. 





Figure 4 Typical BIU Bus Cycle, [Ref. 1]. 


a. Write Bus Cycle 

Figure 4 illustrates the basic write bus cycle. The 
CPU places the write address on the multiplexed address/data 
bus during T.. During state T,, Address Latch Enable (ALE) is 
asserted high to latch the write address into a register. The 
register contents can be decoded by combinational logic to 
generate the necessary chip select for memory. 

During state T,, the CPU places the write data on 
the multiplexed bus (AD15 - ADO), and WR is asserted low to 
indicate to memory that a write operation is requested. The 
READY signal is used to force the CPU to insert wait states 


into the bus cycle. To insert a wait state, READY must be low 





prior to the end of state T,. Figure 5 shows the tining 


relationship required to generate a wait state. Signal R&eADY 
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Figure 5 8086 Write Bus Cycle, [Ref. 1]. 


is produced by an 8284 Clock Generator and Driver shown in 
Figure 3. Signal RDY is produced by combinational logic in the 
interface device. 

Signal Data Transmit/Receive (DT/R) controls the 
flow of data through banks of 8286 octal bus transceivers when 
operating in the minimum mode configuration. With the signal 
high, data can flow from the 8086 microprocessor onto the data 


bus and into the appropriate memory location. Data Enable 


(DEN) is provided as an output enable for the data 


transceivers. 
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Figure 6 Wait State Insertion, [Ref. 1]. 


b. Read Bus Cycle 

Figure 6 illustrates the 8086 Read Bus Cycle. The 
read cycle is very similar to the write cycle. The CPU places 
the read address on the multiplexed address/data bus during 
T,. Again, during state T,, ALE is asserted high to latch the 
write address into a register. The register contents is 
decoded to generate the necessary chip select for memory. Upon 
completion of T,, the CPU floats the address/data bus in 
preparation for data to be received from memory. During state 
T,, RD is asserted low to indicate to memory that a read 
operation is requested. Again, if reading from a slow memory 


device, the user is responsible for adding logic to control 
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Figure 7 8086 Read Bus Cycie, [Ref. i]. 


READY and generate wait states prior to state T,;. Signal DT/R 
is asserted low to configure transceivers in the receive mode. 
Signal DEN is asserted low to enable the transceivers to pass 


the received data to the CPU. 


B. OVERVIEW OF SYSTEM DESIGN 
Figure 8 shows an overview of the system bus structure 
implemented in previous thesis research [Ref. 1]. 
1. Address and Data Bus Structure 
Although the 8086 has the ability to address one 
megabyte of memory, the system described here employs 4K bytes 
of ferroelectric RAM (FERRO), 8K of ROM, and 8K of static RAM. 


The section of memory designated as FERRO is split into two 











Figure 8 System Bus Structure, [Ref. 1]. 


banks of 2K-bytes each. One bank connects the lower half of 
the data bus (D7-D0) and corresponds to even addresses (AO = 
0). The remaining bank connects the upper half of the data bus 
(D15-D8), and corresponds to odd addresses (AO = 1). Address 
lines Al-All specify the particular byte in each bank. To 
perform a byte transfer to an even address, the 8086 specifies 
an address with AO low and signals Bus High Enable (BHE) high. 
With BHE high, the upper bank of memory, or the odd byte of 
the word address, is disabled. 

To perform a byte transfer to an odd address, the 8086 
asserts BHE low and AO high. This allows access to the upper 
bank while disabling any memory access of the lower bank or 
even byte. To perform a word transfer of 16 bits, the 8086 


asserts both BHE and AO low. This enables both memory banks 
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and allows transfer of the entire data bus D15-D0 durinc one 
bus cycle. 
2. Data Flow Overview 

The objective of the design was to configure the 
NM24CFO04 as a functional block of main memory without 
requiring any special actions on the part of the 8086 
microprocessor. The NM24CF04 operates at a frequency of 100 
KHz, thus requiring the wait states to be inserted whenever 
the ferroelectric memory was addressed. 

The CONTROL logic of Figure 8 monitors five sets of 
signals: RD, WR, BHE, AQ-All, and DO-D15. When the 8086 
requests a read operation from ferroelectric memory, it places 
the read address on the address bus and indicates a read 
request by asserting RD low. The CONTROL logic block sakes 
over by initiating microprocessor wait states and performing 
the required tasks to retrieve information from the 
appropriate bank of ferroelectric memory. Control tasks 
performed include identifying and selecting the correct chip, 
converting the parallel address to a serial address, 
transmitting the address to memory serially, receiving the 
data from memory serially and transferring the received 
information into parallel form, latching the data, and 
releasing control to the microprocessor. Writing to 


ferroelectric memory is very similar. 


Ld: 


When the microprocessor writes data to ferroelectric 
memory, the write address is placed on the address bus, data 
on the data bus, and a write operation is indicated by 
asserting WR low. Again, the CONTROL block intercedes to 
perform data translations and input/output functions necessary 


to store data into the appropriate address. 


C. RESEARCH GOALS 

To extract a portion of a previously designed SSI/MSI 
interface [Ref. 1] and incorporate it in a single chip design 
using CMOS VLSI. Keeping the implementation as general as 
possible is a primary consideration. Figure 9 shows a block 


diagram of the extracted circuity. The Main Finite State 
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Figure 9 Functional Block Diagram of Interface Device. 
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Machine (MFSM) monitors signals WR, RD, FERRO, and ACK. 
Signals WR, and RD were described in Section A. of this 
chapter. Signal FERRO is a chip select generated by external 
combinational logic. Signal ACK is generated by the I/O BUS 
CONTROL by monitoring the Serial Data Bus Low {SDAL) and 


Serial Data Bus High (SDAH) for the Acknowledge (ACK) 
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Figure 10 Microinterface Proposed Pin Diagram. 


generated by the NM24CF04. The Counter Finite State Machine 
(CFSM) maintains a count to control the number of shift 
operations performed by the shift registers contained in the 
LOW and HIGH BYTE MUX/SHIFTERs. The I/O BUS CONTROL generates 
clock and control for both internal and external bus control. 


LOW and HIGH BYTE MUX/SHIFTERS provide serial and parallel I/o 
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to the address, parallel, and serial data busses. Figure 10 
shows the proposed chip pin diagram. Signals not yet discussed 
are: 

Address (AQ-Ali): Address bus lines from 74LS373 octal 
latches in Figure 8. Al0 and All select the desired chip 
within a bank. A9 selects the desired page within a chip. Al- 
AS selects the specific byte within the page. 

Clock (CLK): A 100KHz clock is used to clock the 
"Microinterface" chip circuitry and generate SCLL and SCLH to 
clock the ferroelectric memory chips. 

Serial Data Bus High/Low Out (SDAH_OUT/SDAL OUT): These 
pins are used if an external SDA bus driver is used. They can 
be used to enable data onto a serial data bus with a 74LS241 
Line Driver, as shown in Figure 57. 

High/Low Data Bus Out (HI/LO DATA OUT): These pins are 
used if an external data bus driver is used. They can be used 
to enable data onto a parallel data bus with a tri-state Line 
Driver. 

Serial Clock High/Low (SCLH/SCLH): The clock output that 
connects to the SCL pin of the respective NM24CFO04 memory 
chip. 

Ready (RDY): The output pin that connects to the RDY pin 


of the 8284 Clock Generator shown in Figure 3, to generate 


READY. 
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Serial Data Bus High/Low In (SDAH_IN/SDAL_IN): Used to 
enable a tri-state Line Driver if the circuit is configured 
with external drivers as shown in Figure 57. 

Data Lines (DOQ-D15): These pins connect to the data bus 


from the Transceivers shown in Figure 8. 


D. REQUIRED HARDWARE AND SOFTWARE TOOLS 
The design and layout of the Microinterface chip was done 
on the Naval Postgraduate School's Sun SPARCstations using the 
VLSI CAD tool package created by the University of California 
at Berkeley. 
1. Sun SPARCstation 
The Sun Microsystems SPARCstation II is a desktop 
workstation that offers high-speed color graphics. Operating 
at 40-MHz, the system is equipped with 32 MB of RAM, 424 MB of 
internal fixed disk storage, and mounts several large file 
systems from a remote server. 
2. Magic 
Magic is an interactive editor for creation of Very 
Large Scale Integration (VLSI) circuit layouts. This program 
runs on many UNIX based systems, for example, the Sun 
SPARCstation with an integrated color display. Using Magic, 
the designer can create basic cell layouts and combine them 
into larger structures, or even complete integrated circuit 
layouts. This program has a built in design rule checker that 


constantly checks layouts during creation to ensure that 
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layout rules are obeyed for the particular technology being 
used. To allow a means of interfacing with other programs, 
Magic allows the user to extract the created circuits for use 
by other programs. Magic only permits Manhattan designs, which 
are designs with horizontal or vertical edges, no diagonal or 
curved structures are allowed. The further attributes of Magic 
are mumerous, and reference to the user's manual is 
recommended for additional descriptions of its abilities 
[Ref. 6]. 
3. Peg 

The PLA Equation Generator compiles finite state 
machines to generate a working PLA. It takes a high level 
description of a finite state machine and translates it into 
the logic equations required to implement a specific design. 
Peg generates logic equations that follow the Moore model of 
a finite state machine. This implies that the outputs 
generated by the finite state machine depend only on the 
current state of the machine. Inputs can be provided to cause 


transitions to specific states. The Peg command used was: 


peg infile > outfile 


This allowed for the infiles, which in this case were mfsm.peg 


and cfsm.peg, to be processed into the equations required to 


design the heart of the extracted circuit. Included in 
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Appendix A. are copies of the peg input and output files [Ref. 
6). 
4. SPICE3C1 

SPICE3C1l is an updated version of SPICE which is a 
general purpose circuit simulation program. It can perform de 
analysis, as small-signal analysis, and transient analysis. 
SPICE can also be used to provide extensive plotting of 
circuit parameters and circuit behavior using its plot 
command. SPICE is a tremendously powerful tool in observing 
how circuits are acting, but it has a limitation in that large 
circuits take an extremely long time to process. SPICE was 
used mainly for power estimations and transient behavior 
[Ref. Vj. 

5. Esim 

Esim is an event-driven switch-level simulator for 
NMOS and CMOS circuits. It can be entered after the circuit 
has been extracted from Magic. Esim is used to watch various 
nodes, to set or reset nodes, and to simulate the logical 
operation of the circuit. The watched nodes can then be 
inspected and the circuit evaluated. There are numerous 
commands and options that may be employed in the simulation 
and the reader is directed to the reference material for 


further clarification [Ref. 6]. 
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E. THESIS STRUCTURE 

Chapter I introduces the need for ferroelectrics, the 
NM24CFO04, the 8086 microprocessor, and details of previous 
research, System timing considerations are discussed. Chapter 
II contains a description of circuit extraction considerations 
that were necessary to develop the design of the interface 
between the NM24CF04 and the 8086 microprocessor. VLSI layout 
considerations are described. Chapter III describes basic 
design method used to for each major section of the chip. An 
estimation of static and dynamic power dissipation is made. 
Chapter IV discussion of testing objectives, procedure, and 
results. Chapter V summarizes the study and includes further 


recommendations. 
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II. DESIGN CONSIDERATIONS 

The general interface device design began with careful 
consideration of the system bus structure shown in Figure 8. 
The functional blocks shown in Figure 9 described the 
implementation of the single chip design. These blocks were 
chosen to incorporate as much circuitry as possible from the 
previous SSI/MSI interface implementation [Ref. 1], and still 
maintain versatility for future adaptation to other 
microprocessor applications. The Magic layout editor requires 
that a filename be used for cell creation. The name 
"Microinterface" is selected to describe this chip. Further 


references to the entire chip are made using this name. 


A. MAIN FINITE STATE MACHINE (MFSM) 

The MFSM generates 15 different states that are decoded to 
provide control signals to the multiplexers and shift 
registers in the LOW and HIGH BYTE MUX/SHIFTER blocks. Outputs 
include states a - o, shift register function controls s0 and 
si, multiplexer byte selectors muxa and muxb, and counter 
control signals counter cir and counter _en. The design was 
extracted directly from the SSI/MSI design [Ref. 1], and a 
detailed description of the operation may be found in that 


reference. 
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B. COUNTER FINITE STATE MACHINE (CFSM) 

The CFSM monitors the output states and counter control 
signals from the MFSM, and counts from zero to seven when 
enabled. While the CFSM is counting, the MFSM is dormant and 


is reactivated when the CFSM output signal cntr7 is asserted. 


C. HIGH/LOW BYTE MUX/SHIFTER 

The LOW and HIGH BYTE MUX/SHIFTERs are identical 
functional blocks. Each block consists of a 4-to-l byte 
multiplexer and shift register. The most important function 
performed by this block is the parallel to serial conversion 
of information and vice versa. The high and low bits of the 
shift register connect to the output and input of the 
appropriate Serial Data Bus (SDA). The LOW BYTE MUX/SHIFTER 
connect: to the Serial Data Bus Low (SDAL), and the HIGH BYTE 
MUX/SHIFTER connects to the Serial Data Bus High (SDAH). 

Four possible bytes may be selected by the multiplexer. 
Figure ll shows the byte formats. For simplicity, only the 
low-byte format is shown. The high-byte format only differs in 
byte 2 and would be D8-D15 vice DOQ-D7. Byte 0 selects a 
particular chip in a bank. Byte 1 addresses one of 512 memory 
locations on a specific chip. Byte 2 is the data to be written 
if the operation is a write. Byte 3 is only used during the 
read operation and is called a "dummy read". Bit R/W of Byte 
0 indicates the desired operation to the NM24CF04. When set to 


one, a read operation is selected, when set to zero, a write 
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Page aki ta Chip Address 
> ii 


Byte 0 RW AQ A10 A11 0 1 0 #1 


RAW Address 


Byte 1 Al A2 A3 Ad AS AG AZ AB 


Data 


Byte 2 DO Di D2 D3 D4 D5 D6 D7 


Page Address Chip Address 


—a 
Byte 3 RAV AOS A10 A11 0 1 0 1 











Figure 11 Byte Formats. 


operation is selected. The R/W position is hard wired to a one 
in Byte 3. As discussed in Chapter I, the high nibble '1010' 


forms the "Device Type Identifier". 


D. I/O BUS CONTROL 

The I/O Bus Control Block is a catch all group of circuits 
that generates the remaining required signals. These signals 
include the required shift register clocks, SDA/DATA enables, 
NM24CF04 Start/Stop signals, and the Acknowledge enable used 


to capture ACK. 


E. INTERFACE DEVICE OVERALL CHIP LAYOUT 

Figure 12 is a floor plan of the "Microinterface"” Ic 
showing the overall layout of the major cells. For simplicity, 
the required cell interconnects, and chip pads are omitted. 
Reducing the space required for cell interconnects is a major 
consideration when planning a chip layout. This particular 
layout structure allowed for minimum distance between cells 
for greater compactness and less wasted chip space. The 
resultant chip is nearly square measuring four millimeters on 
a Side. Detailed Magic cell layouts are provided in Appendix 


B. 
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Figure 12 Microinterface Floor Plan. 
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III. IMPLEMENTATION 
The basic logic design of each of the cells used in the 
"Microinterface" interface device are shown. This will provide 
insight into the design characteristics of each of the cells. 
The basic cell layouts are included in Appendix B so that the 
reader can see how the cell descriptions given appear in a 


Magic layout. 


A. CELL CONVERSION 
The cell plots in the appendix were created using the 
Magic function cif, which creates a file cell.cif (Ref. 6). 
The .cif file is then converted by the routine cif@ps. In 
order to include these files in the thesis, further conversion 
to a .pex file was needed. The following conversion is 
available on alioth at the computer center as follows: 
pstoppm filename.ps | imconv -ppm - -pcx filename.pcx 
Note: This is a general conversion utility. To convert to 
some other standard format, replace pcx with the extension 
of the type of graphics you want to convert to, i.e. tiff, 


gif, eps, etc. 


B. MAIN/COUNTER FINITE STATE MACHINES (MFSM/CFSM) 
The MFSM and CFSM were developed from the original Peg 
programs used in the SSI/MSI design [Ref. 1]. The programs may 


be seen in Appendix A. Peg generates equations in a minterm 
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fashion. The equations are expressed as the sum of procucts 
and are easily converted using DeMorgan's theorem. The 
resultant equations can be directly implemented using two 
stage NAND-NAND logic. As an example of the method used, the 
combinational logic development for State0 is detailed 
starting with the Peg output equation: 
Step 1: Peg equation 

Outsto*= 

(! 


RESET& InStO*& InStl*é!InSt2*) | 
IRESET&é InStO*é!InStl*& InSt2*) 





(1RESET& InStO*e!InStl*é!InSt2*é& InSt3*) 
(!RESETS&!InStO*& InStl*& InSt2*é& InSt3*} | 
(1RESET& entr7& wré&!InStO*é& InStl*e!InSt2*é!Inst3*) 
The symbols '{', '!"', and '&' represent OR, NOT, and AND 
operations, respectively. Converting the equation to a more 
manageable format: 
Stated=(RESET‘00:01:‘02) + (RESET-Q0-01:02) + 
(RESET‘O0°01°02'03) + (RESET-O1'02'03) + 
(RESET cntr7‘wr'00'01'02'03) 


Step 2: Apply DeMorgan's theorem 











Stated=(RESET:O0'01'02) +(RESET:O0'O1:‘02) ° 
(RESET-O0:'O1'02:03) -(RESET'O1:02:03)- 
(RESET-cntr7-wr‘'00-'01'02'03) 




















The equation is now in the NAND-NAND form and can be directly 
implemented with one seven input, two five input, and three 


four input NAND gates. 
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Step 3: Logical schematic 


The logical schematic for State0 is shown in Figure i3. 


> 
wy 














|| - HLL 


State 0 














Figure 13 State0Q Logical Schematic. 


The logical schematic can now be used as a guide for 


constructing the Magic layout. 
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Step 4: Magic layout 

A collection of elementary Magic cells were designed for use 
in a hierarchial design of the larger cells. The Magic layout 
of State0 with inverters added is shown in Figure 14. Detailed 


Magic layouts can be seen in Appendix B. 
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Figure 14 State0 Magic Layout. 
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C. HIGH/LOW BYTE MUX/SHIFTER 

The HIGH/LOW BYTE MUX/SHIFTERs consist of two celis each. 
A 4-to-l byte multiplexer (MUX) and an 8-bit shift register. 
The 4-to-1l byte MUX consists of a bank of eight 4-to-1 bit 
multiplexers. Bytes are selected by muxa and muxb as discussed 
in Chapter 2. The shift register is a bidirectional, parallel- 
in, serial-out, serial-in, parallel-out, general purpose shift 
register. Both the MUX and shift register can be found in all 


basic digital design books. 


D. I/O BUS CONTROL 

The I/O BUS CONTROL was extracted from the EPLD programs 
used in the SSI/MSI implementation [Ref. 1]. The design method 
paralleled that used in the MFSM design. Extracted equations 


accompany the respective cell layouts found in Appendix B. 


E. POWER ESTIMATES 

Electromigration is the transport of metal ions through a 
conductor that results from excessive current density in the 
conductor. In order to determine the minimum size of power and 
ground conductors, an estimate of current density must be 
made. If the maximum current density, for a specific size 
conductor, is exceeded, the conductor may weaken = and 
eventually blow like a fuse [Ref. 8]. 

SPICE3C1l was used for dc and ac analyses to determine 


power consumption of each circuit. 
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1. Static Power Dissipation 
The static power consumption is defined as worst-case 
leakage current multiplied by Vdd in any specific device. The 
results for each of the elementary cells used in the 


Microinterface device are shown in Table I. 


Table I STATIC POWER DISSIPATION. 
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2. Dynamic Power Dissipation 
The dynamic power dissipation is defined as the 
current drawn by the cell during transition multiplied by Vdd. 
The total power dissipation for the device is then calculated 
by multiplying by the number of devices used of each type. The 


results may be seen in Table II. 


Table II DYNAMIC POWER DISSIPATION. 























F, MICROINTERFACE PHYSICAL IMPLEMENTATION 

After the actual chip is constructed, physical wire-up of 
a test circuit will be required. Possible circuits can be seen 
in Appendix D. Two implementations are shown, and both show 
only the memory side of the circuit, the reader should refer 
ta the microprocessor user's manual [Ref. 5] for circuit 
configuration in the minimum mode. First, Figure 56 shows the 
interface device connected in the most elementary manner. The 
chip is intended to connect directly to the SDA, Data, and 
Address busses with no external line drivers. If desired, the 
user may incorporate external line drivers and connect the 
circuit as shown in Figure 57. The device provides enable 
lines for each bus. In each case a chip select circuit must be 
provided by the user to select the main memory address where 


the ferroelectric memory is installed. 
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IV. TESTING 


All magic cells were tested with the Esim simulator 
discussed in Chapter I. Each major block of the hierarchy was, 
in turn, tested with Esim. The elementary cells were tested 
with SPICE to observe transient behavior. The operation of the 
chip may be fully verified by testing the MFSM, CFSM, High/Low 
Byte Mux/Shifter, larger cells of the I/O Bus Control, anda 
pad-to-pad check of the entire chip. Esim outputs of each of 


these may be seen in Appendix C. 


A. MAIN FINITE STATE MACHINE 

The MFSM inputs include a clock (CLK), flip-flop preset 
(PR), flip-flop clear (CLR), read high/write low (wr), count 
to seven (cntr7), SDA acknowledge (ack), and chip select 
(!ferro). The outputs are states (a-o) and multiplexer inputs 
(muxa, muxb, sQ, and sl). The circuit was stepped through all 
states and all outputs verified correct. After verifying 
proper operation of PR and CLR, they were tied to Vdd as they 


were used only for testing. 


B. COUNTER FINITE STATE MACHINE 
The CFSM inputs are counter_clr and counter_en. The signal 
counter _clr occurs in states b, d, f, k, and m to clear the 


counter. The signal counter_en occurs in states c, e, g, l, 
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and n to enable the counter. The state outputs of CFS’ are 
available for use with the bus timing circuitry. In 
particular, state 1 is used to clear the ack capture circuit 
in the I/O Bus Control. The signal cntr7 is output when the 


CFSM cycle is complete. 


C. HIGH/LOW BYTE MUX/SHIFTER 

The High/Low Byte Mux/Shifter monitors muxa, muxb, s0, and 
sl control signals to perform the loading and shifting 
operations of the four bytes discussed in Chapter II. Correct 


operation with a representative bus cycle is shown in Appendix 


¢ 


D. 1/0 BUS CONTROL 

The I/O Bus Control section covers all remaining signals 
used to manipulate the Serial Clocks, Start/Stop condition, 
ack capture, RDY, and the enable lines for the external line 
drivers. Complete computer simulation using Esim may be seen 


in Appendix C. 


E. PAD-TO-PAD VERIFICATION 

The pad-to-pad verification is the result of several 
iterations of testing of each major subcell. During this phase 
of testing, many problems were discovered. Some problems were 
easily rectified. However, the acknowledge enable (ACK_EN) 
would not function using a bidirectional SDAL pin 


configuration. Redesign of the ACK_EN capture circuit was 
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required. Proper operation was finally achieved. Another 
significant problem encountered was the numbering order of the 
address/data bus into the shift register. The NM24CF04 
manufacturer's documentation [Ref. 4] is not clear as to which 
bit should be shifted into the device first. The final design 
used the bit order determined in the previous MSI/SSI study. 
Tne most significant bit of the respective address or data 
byte is shifted into the NM24CF04 first. 

Referring to Appendix C, Section M, a typical read cycle 
can be seen. Ferroelectric memory address FF.; is addressed in 
both the low and high banks. The MFSM states are monitored for 
clarity of operation. Control bytes 0 and 3 can be seen on the 
SDAL/H bus during states c and l. The address FF,, is on the 
bus during state e. The NM24CF04 responses with the data bytes 
01010101, for DO-D7 and 10101010, for D8-D15 during state o. 
The typical write cycle is verified in a similar manner. 

The pad-to-pad verification required careful consideration 
of the operation of the bidirectional pins. It should be noted 
that the SDAL/H bus pins were only driven when the NM24CF04 
would be expected to respond. Otherwise, a ‘don't care' 
condition was applied to allow monitoring of the 


Microinterface output. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

The "Microinterface” interface circuit has been designed 
for implementation on a single chip. Although "Microinterface" 
was designed for a standard CMOS process, the single chip 
implementation without EPLD's and the shear reduction of size 
is a new contribution to microprocessor memory system 
technology. The original SSI/MSI implementation required 58 
chips while implementation using the "Microinterface" chip 
would require only 36 chips. 

This research project provides the necessary follow-on 
study for VLSI implementation of the required digital 
circuitry to utilize ferroelectric memory as a portion of main 
microprocessor memory. The use of ferroelectric technology 
would provide a radiation hardened and nonvolatile, yet 
modifiable, area of memory where mission parameters or new 
programs could be stored. This VLSI implementation would more 
easily allow the incorporation of the NM24CF04 memory device 
in a microprocessor based system. The use of ferroelectric 
memory in any system would combine the strengths of current 
technologies; the flexibility of RAM and the nonvolatility of 


ROM. 
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The ferroelectric memory device is inherently slow due to 
the serial-access design. Conversion of the address/data from 
parallel to serial format requires the microprocessor to wait 
an inordinate amount of time for memory access. As the 
ferroelectric technology evolves, what is really needed is a 
ferroelectric integrated circuit that is accessed by means 
compatible with current RAM accessing techniques. The 
availability of a parallel accessed ferroelectric memory would 


vastly improve read and write cycle times. 


B. RECOMMENDATIONS 

1) Fabricate chip and test in a circuit similar to the 
original SSI/MSI circuit. 

2) Design and implement circuitry required for use with 


the Motorola 68000 microprocessor. 
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APPENDIX A: PEG PROGRAMS 


A. MAIN FINITE STATE MACHINE INPUT 


INPUTS: RESET ferro cntr7? ack wr; 
OUTPUTS: sl sO muxa muxbabcdefgohigjkimn 
start: ASSERT a; 


IF NOT ferro THEN stateb ELSE LOOP; 


stateb: ASSERT b sl s0; 
GOTO statec; 


statec: ASSERT c s0; 
IF entr? THEN stated ELSE LOOP; 


stated: ASSERT d muxa sO sl; 
IF ack THEN statee ELSE LOOP; 


statee: ASSERT e sO; 
CASE (cntr7 wr) 
1 0 => statef; 
1 1 => statej; 
ENDCASE => statee; 


statef: ASSERT f sO sl muxb; 
IF ack THEN stateg ELSE LOOP; 


stateg: ASSERT g s0; 
IF cntr? THEN stateh ELSE LOOP; 


stateh: ASSERT h; 
GOTO statei; 


statel: ASSERT i; 
GOTO start; 


statej: ASSERT j sO sl muxa muxb; 
IF ack THEN statek ELSE LOOP; 





statek: ASSERT k s0 $1 muxa muxb; 
GOTO statel; 


oT 


statel: ASSERT 1 s0; 
IF cntr7 THEN statem ELSE LOOP; 








statem: ASSERT m 80; 

IF ack THEN staten ELSE LOOP; 
staten: ASSERT n s0; 

IF cntr? THEN stateo ELSE LOOP; 
stateo: ASSERT o; 

GOTO start; 


B. MAIN FINITE STATE MACHINE OUTPUT 


INORDER= 
RESET 
ferro 
entr7 
ack 
wr 
InSto* 
InStl* 
Inst2* 
InSt3*; 

OUTORDER= 
Outst3* 


£3+*= 
(IRESET&!cntr7& InStO*s InStl*ée!Inst2*e Inst3*) | 


MNODB rrr Or meno op 
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IRESET& ack& InStO*é Instl*s!Inst2*&!Inst3*) 
'RESET&!cntr7& InStO*é!InStl*e InSt2*é& InSt3*} | 
'RESETé InStO*é!InStl*& InSt2*e!InSt3*} 
'RESETé!ack& InStO*&!InStl*&!InSt2*& InSt3*) 
'RESET& cntr7&!Instod*é& InSt2*&!InSt3*} | 
'RESET&!ack&!InSt0*é& InStl*é!InSt2*é& Inst3*) 
'RESET& cntr7é&!InStO*é& InStl*é&!InSt2*é!InSt3*) | 
IPESET&!acka!InStO*&!InStl*é& InSt2*& InSt3*) 
'RESETE! ferro&!InSto*&! InStl*é!InSt2*g!InSt3*) 
Outst2*= 
('RESET& cntr7& InStO*& InStl*&!InSt2*& InSt3*) | 
(tRESET&!tcntr7& InStO*é&!InStl*& InSt2*& InSt3*} | 
('RESET&!InStl*é& InSt2*é!InSt3*) | 
('RESET& ack& InStO*é&!InStl*e!InSt2*e InSt3*) 
(1RESET&!InStO*& InStl*é& InSt2*é!InSt3*) | 
( 
( 
( 


FA we 











({RESET& ack&!InStO*é& InStl*&!InSt2*& InSt3*} | 
'RESET&!ack&!InStO*&!InStl*& InSt2*& InSt3*) | 
IRESET&!InStoO*é&!InStl*é!InsSt2*& InSt3*} 


(tRESET& InSt0O*& InStl*é!InSt2*) 
('RESET& cntr7& InStO*é&!InStl*é& InSt2*& InSt3*) } 
(t{RESET&!InStO*é& InStl*& InSt2*&!InSt3*) | 
(!RESET&!InStO*& InStl*&!InSt2*& InSt3*) | 
('RESET& cntr7&!wré!InStO*& InStl*é!InSt2*a!InSt3*) | 
('RESET&!cntr7&!InStO*& InStl*é&!InSt2*é!Inst3*) | 
('RESET& ack&!InstO*&!InStl*é& InSt2*& InSt3*); 
Outstor= 
(!'RESET& InStO*& InStl*é&!InSt2*) 
(!RESET& InStO*&!InStl*é InSt2*) 
(!RESET& InStO*&!InStl*é!InSt2*é& InSt3*) | 
(!RESET&!InSt0O*& InStl*& InSt2*& InSt3*) | 
(!RESET& cntr7& wr&!InStO*& InStl*&!InSt2*e!Inst3*); 











sl= 
( InStO*é!InStl*& InSt2*&!InsSt3*) | 
(!InStl*é!InSt2*& InSt3*) |} 
(!InStO*& InStl*&!InSt2*é& InSt3*) | 
(!InStO*G!lInStl*& InSt2*& InSt3*); 
s0= 
( InStO*& InStl*é!Inst2*) | 
({InStl*& InSt2*) | 
(!InSt1l*&!InSt2*& InSt3*) | 
(!InStO*& InStl*&!InSt3*) | 
(!InStO*& InStl*é!InSt2*& InSt3*); 
muxa= 
( InStO*é!InStl*é& InSt2*&!InSt3*) | 
( InStO*&!InStl*&!InSt2*& InSt3*) | 
(f{InStO*é&!InStl*& InSt2*& InSt3*); 
muxb= 
( InStO*&!IinSt1l*é& InSt2*é!InsSt3*) | 
( InStO*é!InStl*é!Inst2*& InSt3*) | 
(!InStO*& InStl*é!InSt2*& InSt3*); 
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(fInStO*ée!InStl*é!InSt2*é!InSt3*); 
a (!InStO*é!InStl*é!InSt2*& InSt3*); 
= (tInStO*é&!InStl*& InSt2*é!InSt3*); 
- (!InStO*s!InStl*& InSt2*é& InSt3*)}; 
Ee (!InStO*& InStl*é&!InSt2*&!InSt3*); 
Ee (!InstO*& InStl*é!InSt2*s& InSt3*); 
- ('InStO*é& InStl*& InSt2*&!InSt3*); 
- (!InSt0*& InStl*& InSt2*& InSt3*); 
< ( InStO*é&!InStl*é&!InSt2*s!Inst3*) ; 
“" InstO*a!Inst1*s!Inst2*s Inst3*); 
. ( InStO*s!Instl*& InSt2*é&!InSt3*); 
Pe ( InStO*&!InStl*& InSt2*& InSt3*); 
- ( InStO*& InStl*é&!InSt2*&!InSt3*) ; 
a ( InStO*é& InStl*é!InSt2*& InSt3*); 
= ( InStO*& InStl*é& InSt2*é!Inst3*); 





C. COUNTER FINITE STATE MACHINE INPUT 


INPUTS: RESET; 
OUTPUTS: entr7; 


start: 


ASSERT cntr7; 
GOTO start; 
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D. COUNTER FINITE STATE MACHINE OUTPUT 


INORDER= 
RESET 
Instd* 
Instli* 
InSt2*; 
OUTORDER= 
Outst2* 
Outstl* 
Outsto* 
entr7; 
Outst2*= 
(!RESET&!InSt2*); 
Outsti*= 
(!RESET& InSti*é!InSt2*) | 
(!RESET&!InStl*& InSt2*); 
OutStor*= 
(!{RESET& InStO*é!InSt2*) | 
(!RESET& InStO*&!InSti*é& InSt2*) | 
('RESETG!tInStO*& InSti*é InSt2*); 
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entr/= 
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Figure 15 Magic Cell Material Legend. 
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Figure 17 Three Input NAND Gate Cell Layout. 
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Figure 18 Four Input NAND Gate Cell Layout. 
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Figure 19 Five Input NAND Gate Cell Layout. 
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Figure 20 Six Input NAND Gate Cell Layout. 
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Figure 21 Seven Input NAND Gate Cell Layout. 
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Figure 22 Eight Input NAND Gate Cell Layout. 
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Figure 23 Ten Input NAND Gate Cell Layout. 
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Figure 25 Three Input NOR Gate Cell Layout. 
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Figure 26 Four Input NOR Gate Cell Layout. 
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Figure 27 Five Input NOR Gate Cell Layout. 
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Figure 28 INV1 Cell Layout 
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Figure 29 INV4 Cell Layout 
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Figure 30 Buff Cell Layout. 


57 


OUT=IN1IVIN2 












Soe. hoot 
SSE VAL a 
















Era LA Ware 


een Nar 





Figure 31 Two Input XOR Cell Layout. 
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for implementation equation of circuit abcd. 


See Appendix A. 
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See Appendix A. 
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Figure 33 
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for implemented equation of circuit ijkl. 


See Appendix A. 
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Figure 34 
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for implementation equation for circuit mno. 


See Appendix A. 
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Figure 35 mno Cell Layout 
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See Appendix A. for implementation equation for circuit 
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Figure 36 State0 Cell Layout (MFSM). 
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See Appendix A. for implementation equation for circuit 
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Figure 37 Statel Cell Layout (MFSM). 


64 


See Appendix A. for implementation equation for circuit 
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Figure 38 State2 Cell Layout (MFSM). 
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See Appendix A. for implementation equation for circuit 
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Figure 39 State3 Cell Layout (MFSM). 
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See Appendix A. for implementation equation for circuit sl. 
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Figure 40 sl Cell Layout (MFSM). 
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for implementation equation for circuit s0. 


See Appendix A. 
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Figure 41 
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implementation equation for circuit 


for 


See Appendix A. 
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Figure 42 muxa fsm Cell Layout 
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See Appendix A. for implementation equation for circuit 


muxb_fsm (muxb). 
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Figure 43 muxb_fsm Cell Layout (MFSM). 
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See Appendix A. for implementation equation for circuit 
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Figure 45 ACK_EN Cell Layout (I/O BUS CONTROL). 
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Figure 46 LSSEN Cell Layout (I/0 BUS CONTROL) . 
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Figure 47 HSSEN Cell Layout (1/0 BUS CONTROL). 
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Figure 48 cntr/con Cell Layout (MFSM). 
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Figure 49 Gatel Cell Layout (General Gating Circuit). 
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Figure 50. hisrshif Cell Layout (1/0 BUS CONTROL). 
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Figure 51 losrshif Cell Layout (I/O BUS CONTROL) . 
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Figure 52 hisrload Cell Layout (I/0 BUS CONTROL). 
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Figure 55 High/Low Byte Mux/Shifter. 
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APPENDIX C: SIMULATION DATA 


A. MAIN FINITE STATE MACHINE SIMULATION 


ESIM (V3.5 03/27/91) 

initialization took 595 steps 

initialization took 0 steps 

> 010101010101010101010101010101010101010101010101010:CLK 
> ERRRGRRERORRRSERRRERAROEOROSERUS ROUSE RUREERRRRRR RH] 
> 111991991999999199119991199991901190909991199991171:C8R 
> 111119119111111911111111111111100000000000000000000:wr 
> 1111911100001 19911111999191111119111110000111111111:entr7 
> 11919911111191111111111000011111111111111111111100001:ack 
> 000011111991911999119111991119991991119991111119911:! ferro 
> 11111000000000000000000000000001 1000000000000000000:a 

> 000001 1000000000000000000000000001 10000000000000U0Nb 

> 000000011111 100000000000000000000001 100000000000000:c 

> 00000000000001 100000000000000000000001 1000000000000:d 

> 0000000000000001 10000000000000000000000111100000000:e 

> 00000000000000000000000000000000000000000001 1000000:f 

> 0000000000000000000000000000000000000000000001 10000: 

> 000000000000000000000000000000000000000000000001100:h 

> 000000000000000000000000000000000000000000000000011:i 

> 000000000000000001 100000000000000000000000000000000;j 

> 00000000000000000001 1000000000000000000000000000000:k 

> 0000000000000000000001 10000000000000000000000000000:1 

> 000000000000000000000001111000000000000000000000000:m 

> 0000000000000000000000000001 10000000000000000000000-n 

> 000000000000000000000000000001 100000000000000000000:0 

> 00000000000001100111100000000000000001 1000000000000:muxe 
> 000000000000000001 11100000000000000000000001 1000000:muxb 
> 000001111111119111911119111110000111111111111110000:s0 

> 000001 10000001 10011110000000000001 1001100001 1000000:s1 
$82 transistors, 505 nodes (0 pulled up) 
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B. COUNTER FINITE STATE MACHINE SIMULATION 


ESIM (V3.5 03/27/91) 

initialization took 143 steps 

initialization tock 0 steps 

> 0101010101010101010191010101010101010101:CLK 

> 111111191911119191111119101111111111111111:CLR 

> 1119911111111111111009191999111111119111:PR 

> 1111919191191111919111199119119119191111911111:{RESET 
> 1000000000000001100110000000000000000110:cntr7 
196 transistors, 104 nodes (0 pulled up) 


C. ACK_EN SIMULATION 


ESIM (V3.5 03/27/91) 
initialization took 28 steps 
initialization took 0 steps 
> 010001000:c 

> 111110000:entr7 

> 000000000:CLK 

> 000010001: 

> 000100010: 

> 001000100:1 

> 011110000:0UT 

34 transistors, 25 nodes (0 pulled up) 


D. LSSEN SIMULATION 


ESIM (V3.5 03/27/91) 

initialization took 24 steps 
initialization tock 0 steps 

> 00000000001111111111:A0 

> 11000000001 100000000:b 

> 0011000000001 1900000:i 

> 00001100000000110000:h 

> 0000001 1000000001 100:k 

> 00000000110000000011:0 

> 01100110100110011010:CLK 

> 01111010110000000000:L0 START_STOP_EN 
36 transistors, 27 nodes (0 pulled up) 
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E. HSSEN SIMULATION 


ESIM (V3.5 03/27/81) 

initialization took 28 steps 

initialization took 0 steps 

> DONOCNNOCHOONOOONNCNNOOOOOHOHNOOOONOOOOOOoHOOOHNNNNNNNNNNONNOOON:CLK 
> 1199119999119099901190111011190991911900119011191119911911911111:IBHE 
> 0101010101010101010101010101010101010101010101010101010101010101:c 

> 00110011001 100110011001 10011001 100110011001 1001 10011001100110011:e 

> 0000000000000000111111111111111100000000000000001111111111111111:g 

> 000000000000000000000000000000001 1111111111111111111111911111111:1 

> 0000111100001 11100001 1110000111100001111000011110000111100001111:m 
> 0000000011111111000000001 111111100000000111111110000000011111111:n 


> 0000111111111111000011111111111100001111111111110000111111111111:HI_ SR SH 
IFT_CLK 


36 transistors, 28 nodes (0 pulled up) 


ESIM (V3.5 03/27/91) 

initialization took 28 steps 

initialization took 0 steps 

> 19191999191199199901991991119991199090919991111919111991111111111:0LK 
> 0000000000000000000000000000000000000000000000000000000000000000:!BHE 
> 0101010101010101010101010101010101010101010101010101010101010101:c 

> 00110011001 100110011001 1001 100110011001100110011001 1001100110011: 

> 0000000000000000111111111111111100000000000000001111111111111111:9 

> 0000000000000000000000000000000011111111111011111111111091101111:1 

> 00001 1110000111100001 1110000111 100001 111000011110000111100001111:m 

> 0000000011111111000000001111111100000000111111110000000011111111:n 

> 0000000000000000000000000000000000000000000000000000000000000000:HI_SR_SH 
IFT_CLK 

36 transistors, 28 nodes (0 pulled up) 
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F. HISRSHIF SIMULATION 


ESIM (V3.5 03/27/91) 

initialization took 28 steps 

initialization took 0 steps 
PRORUPRRORRRERORORR RR RERRRRUDRRORORRRPERROSORRREERDRSSRRGRRGRRERER HS ( 
PS ERRRORERRRROORORRREDORRSORRRERORRSERRRDRERRDORRREROORRRRRRRRRERHI:(.| 4 
> 0101010101010101010101010101010101010101010101010101010101010101:¢ 

> 0011001 100110011001 1001100110011001 10011001 100110011001 100110011:¢ 

> 0000000000000000111111111111111100000000000000001111111111111111:g 

> DNHHNDNDOHOONNNONOOOOOOOOONNOONO1111111119119191191919911999919121 

> 000011 1100001111000011110000111100001111000011110000111100001111:m 

> 0000000011111111000000001111111100000000111111110000000011111111:n 

> OUI TODD TODT ATTA ATT TATA TTA T ATTA T0090 00900000 1H SASH 
IFT_CLK 

36 transistors, 28 nodes (0 pulled up) 


ESIM (V3.5 03/27/91) 

initialization took 28 steps 

initialization took 0 steps 

> 00000000000000000000000000000N0000NNNNNNOOOOOONNNNOOOONNNOOOOONNN:CLK 
> 109999999999999000909910919099019000909901900001010110000109011 11 BHE 
> 0101010101010101010101010101010101010101010101010101010101010101:c 

> 00110011001 10011001 10011001 100110011001 1001 10011001 100110011001 1:6 

> 0000000000000000111111111111111100000000000000001111111111111111:g 

> 0000000000000000000000000000000011119111111111911111111911111111:1 

> 000011110000111100001 11100001 11100001111000011110000111100001111:m 

> 0000000011111111000000001111111100000000111111110000000011111111:n 

> 0000119111191111000011111111111100001111111911110000111111111111:HI_SR_SH 
IFT_CLK 

36 transistors, 28 nodes (0 pulled up) 
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ESIM (V3.5 03/27/91) 

initialization took 28 steps 

initialization took 0 steps 

> 11191911991111199919991999111911999119991119999991191111911119111:CLK 
> DOCODODNNCHOOHON CHOON COHOCHOHONOHOONONOONOOCONNNONHOOOO0ONNGNNND:!BHE 
> 0101010101010101010101010101010101010101010101010101010101010101-c 

> 00110011001 100110011001 1001 1001100110011001100110011001100110011:e 

> 0000000000000000111111111111111100000000000000001111111111111111:g 

> 00000000000000NNONNAOOOOOOOOOHOO1111111111111111990110110110 071: 

> 00001111000011110000111100001 11100001 111000011110000111100001111:m 

> 0000000011111111000000001111111100000000111111110000000011111111:n 

> DNDNNDNNDNONONOOONNOOOOOOOOCNOOONNOOOHOOOODOOONOHOOOOOOHNOOOONOON:HI SR SH 
IFT_CLK 

36 transistors, 28 nodes (0 pulled up) 


ESIM (V3.5 03/27/91) 

initialization took 28 steps 

initialization took 0 steps 

> 0000000000600000000000000000000000000000000000000000000000000000:CLK 
> 0000000000000000000000000000000000000000000000000000000000000000:!BHE 
> 0101010101010101010101010101010101010101010101010101010101010101:c 

> 0011001100110011001 1001 100110011001 10011001 10011001 100110011001 1:2 

> 0000000000000000111111111111111100000000000000001111111111111111:g 

> 0DNNDDDOOOOOOOOOOCNOOOOOOOOOOHOOT 1111119111001119999001001101118 I 

> 0000111100001111000011110000111100001111000011110000111100001111:m 
> 0000000011111111000000001111111160000000111111110000000011111111:n 


> 0000000000000000000000000000000000000000000000000000000000000000:HI_SR_SH 
IFT_CLK 


36 transistors, 28 nodes (0 pulled up) 
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G. LOSRSHIF SIMULATION 


ESIM (V3.5 03/27/91) 

initialization took 28 steps 

initialization took 0 steps 

> 1111901911111199111911911111119111119111999111011100919001199111111:CLK 
> 00000000000000000000000000000000000000000000000000000000000000000:!A0 
> 01010101010101010101010101010101010101010101010101010101010101010:c 

> 001100110011001 10011001 10011001 100110011001 10011001 10011001100110:e 

> 0000111100001 11100001 11100001 11100001 1110000111100001111000011110:g 

> 00000000111111110000000011111111000000001111111100000000111111110:1 

> 00000000000000001111111111111111100000000000000001111111111111111:n 

> 000000000000000000000000000000000111111111111111111111191111111111:m 
> DNNNNONDONHONGOOOOOODONOOONOOOOOOOOOOOOOOOOOOOOOOOOOOOOONOOOONNON-:LO SRS 
HIFT_CLK 

36 transistors, 28 nodes (0 pulled up) 


ESIM (V3.5 03/27/91) 

initialization took 28 steps 

initialization took 0 steps 

> 14999919991999199991999099199999099919911999991991111919911191191111:0LK 
> 119999999119999999999999919019099909991999999099991991199111111111:!A0 
> 01010101010101010101010101010101010101010101010101010101010101010:c 

> 0011001 100110011001 10011001100110011001 1001 100110011001 1001100110:e 

> 00001111000011110000111100001111000011110000111100001111000011110:g 
> 00000000111111110000000011111111000000001111111100000000111111110:! 

> 00000000000000001 111111111111111100000000000000001 111111111111111:n 

> 00000000000000000000000000000000011111111111111111111111111111111:m 
> 091199911991191990099191199119911079919991911111101119911191111110:L0 SRS 
HIFT_ CLK 

36 transistors, 28 nodes (0 pulled up) 
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H. HISRLOAD SIMULATION 


ESIM (V3.5 03/27/81) 

initialization took 15 steps 

initialization took 0 steps 

> 0101010101010101010101010101010101010101010101010101010101010101:!CLK 
> 00110011001 100110011001 100110011001 100110011001 1001 1001100110011:!BHE 
> 0000111100001 11100001 1110000111100001111000011110000111100001111:b 

> 000000001 1111111000000001111111100000000111111110000000011111111:d 

> 0000000000000000111111111111111100000000000000001111111191111111:F 

> 0000000000000000000000000000000011111111111111111111111111111111: 

> 0000000100010001000100010001000100010001000100010001000100010001:HI SR_LO 
AD_CLK 

18 transistors, 17 nodes (0 pulled up) 


I. LOSRLOAD SIMULATION 


ESIM (V3.5 03/27/91) 

initialization took 15 steps 

initialization took 0 steps 

> 0101010101010101010101010101010101010101010101010101010101010101:!A0 
> 00110011001 10011001 100110011001 1001 100110011001 10011001 100110011:!CLK 
> 0000111100001 11100001 1110000111100001111000011110000111100001111:b 

> 000000001 1111111000000001111111100000000111111110000000011111111:d 

> 0000000000000000111111111111111100000000000000001111111111111111:f 

> 0000000000000000000000000000000011111111111111111111111111111111:k 

> 0000000100010001000100010001000100010001000100010001000100010001:LO_ SR_LO 
AD CLK 

18 transistors, 17 nodes (0 pulled up) 
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J. LOCLRDIS SIMULATION 


ESIM (V3.5 03/27/91) 

initialization took 41 steps 

initialization took 0 steps 

> 11100000000001110000000000:n 

> 1000000000000 1000000000000:cntr7 

> 00011000000000001 100000000:a 

> 00000110000000000011000000:i 

> 00000001100000000000110000:h 

> 0000000001 1000000000001 100;j 

> 000000000001 1000000000001 1:0 

> 10101010101011010101010101:CLK 

> 11111111111110000000000000:!A0 

> 00000000000001111111111111:!BHE 

> 00000000000000001111101011:HI CLK_DISABLE 
> 00011111010110000000000000:LO CLK DISABLE 
> 00000110000100000011000010:STOP_START SET 
54 transistors, 39 nodes (0 pulled up) 


K. HIGH/LOW BYTE MUX/SHIFTER SIMULATION 


ESIM (V3.5 03/27/91) 

initialization took 740 steps 

initialization took 0 steps 

> 0101010101010101010101010101010101010101010101010101010101010101:CLK 
> 1119917111919999119999199199991919119109111111999919111119911111:PR 
> 111919911199919999919999111119999919111199999111199999991111991111:CLR 
> DOONDOODDCONNOOHNNONOOOOONHNONONOOOOOOOOOOOOOOOOOOOOOOooONNOONNN:SINL 
> NDNHNNNDONOOONNONNOOOOODNONOOOOONNNOAOOOOOHONNOOOOOOOONNNNOOOOON:SINR 
> 00000000000000001 10000000000000000000000000000001 100000000000000:muxa 
> 000000000000000000000000000000001 1000000000000001 100000000000000:muxb 
> 11000000000000001 1000000000000001 1000000000000001 100000000000000:S1 

> 1119911111119991119999991111991191191919111911111111911111111111:S0 
> 0000000000000000000000000000000000000000000000000000000000000000:b01 
> 191191919119991999199119111991909919119111111199111191111911111111:b02 
> 0000000000000000000000000000000000000000000000000000000000000000:b03 
> 11119119991911911109119991119001999111999199991199119991911111111:bO4 
> 111999199919119919119911909911991119911191911111111119101191111911:b05 
> DNCODNDODNNNNNONCOOODONNONNNOOOONOOOONOOOONNGNODNOONNOOONNNDNNNN-bOE 
> 1100990999991191000191999009190901090009090100991111111111119111 12807 
> 1191191999199919191109919199911009199191911091111119991119111111111:b08 
> 1199919999990199999109999099990999909999009900999009990000001010 1:11 
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> HO0CDONANNCNOCOOODANOOODOCOOOONOOOOHOOoOOOOOOONDOOCOOAONOONNNNDD-b12 
> 1999999999991099109900999091909191199190191191101119911111111111:b13 
> 190991999119999999019909910909919999111111119991190119991991191111:b14 
> 1999999999199999011900111991990190909999919919199111119911191111:615 
> 1999999999999999099999909909990199999999019999109910911191111111:b16 
> 00000000000000000000000000000000000000R0000000000000000000000000:b17 
> 1090999999999199909990099999199099999919900990990190919911119111:b18 
> 1999099990999999909999999999099909999999009900999991100919119191:621 
> 1999999991999909991910090900990099990009199109999999111199919011:b22 
> V0 00900900999999999990999900000000900000000000000000901910999199:b23 
> 100009000000990090009900000000000099000000000090000009000 0000 bd 
> DNNDODHADHOHDOONNOONDOONOOOONCOOONCOOOONCOOOOONNDOONDONNDNNNNNNN:b25 
> 19199999999999999999999190090999099990909009999999919991999999 11626 
> VAVTTT00190090000009009000000010000900000090900:0200:0020:02020:0:00012b27 
> 1911999991999999999091909990991199199099000999999990910911911111:b28 
PURORURUERRSORRERERDORSRRORREROROEREGCEERORRRRAORRREGRORRRREROSEE Fy 
> 1010999019091009110999000900999001999011100090091901100111119111:b32 
> 1000909009011099909170099900999001199919900990011009100190119111:833 
> HNDCOOOHDOCHOODOCOONDCOANAOONOCOONOOOONOOOONOONOCCONONNNOCONCONN:b34 
> TVVVTT10000009000900000010900099900090000900:92900:0:090:0:20:9:0:2000019112b 95 
> 1V90909199999909190090900099909091099000090010099110000009110011'11:b 9G 
> VET 1090099099009990900000990009000190000000000009:090:00:00101 12597 
> TEEVTEV90090990099909990099090009009990000 0000900900019 398 
> 0001100111 100111111001111111100111111111100111111191111001111111:A1 

> 0110011110011 1100001111111 10011001111110011111100111100111111110:A2 

> 000111100111 1000011111111001100001111001111110000110011111111000:A3 

> 0119110011110000001 11111001 10000001100111111000000001111111100000:A4 

> 61100111100000000111 1001 100000000001 1111100000000111111110000000:A5 

> 000111 100060000001 1001100000000001 1111 100000000001 11111000000000:A5 

> 01111000000000000001 10000000000001 11 1 0000000000001 11100000000000:A7 

> 011000000000000001 1 G00000000000001 1o00000000000001 10000000000000:A8 

944 transistors, 515 nodes (0 pulled up) 
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L. SRBUSEN SIMULATION 


ESIM (V3.5 03/27/91) 

initialization took 103 steps 

initialization took 0 steps 

> 119111111111111111111000000000000000000:!A0 

> 100000000000000000001111111111111111111:!BHE 

> 000110000000000000000001000000000000000:cntr7 

> 011110000000000000000111000000000000000:c 

> 000001 1000000000000000001 10000000000000:e 

> 00000001 1000000000000000001 100000000000: 

> 0000000001 10000000000000000011000000000:1 

> 101101010100000011111011101010000001111:CLK 

> 000000000000100010000000000000010001000:b 

> 000000000000010001000000000000001000100:d 

> 000000000000001000100000000000000100010:f 

> 000000000000000100010000000000000010001:k 

> 011101111110111100000000000000000000000:L0_SR_BUS EN 
> 000000000000000000000111111111011110000:HI_ SR_BUS EN 
114 transistors, 67 nodes {0 pulled up) 
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M. PAD-TO-PAD VERIFICATION 


1. Read Cycle Simulation 


ESIM (V3.5 03/27/91) 

initialization took 6982 steps 

initialization took 2703 steps 

initialization took 3440 steps 

initialization took 764 steps 

initialization took 6B steps 

initialization took 49 ateps 

initialization took 4 steps 

initialization took 0 steps 

> 101010101010101010101010101010101010101010101010101010101010101010101010101010101010:CLK 
> 111111000000000000000000000000000000000080000000000000000000000000000000000000000000:FEARO 
PSR OSERERER ERED RORORORERORORERRERORORODRORORDRODBRRERORRRRORORRORRRRROERRRORERORERB ROR. |] 
> 000000000000000000000000000000000000000000000000000000000000000000000000000000000000:RD 
> 111111 0000000000000 00000 0000000000000 0C0COCGCOOOOCQDOOCOOORGOCOGOCOCOCGAGOCOORRR0011:ADY 
> 0000000001001 10011111111000011111111111111000001001100111111110000001100110011001111:SDAL 
> 0000000001001 10011111111000011111111111111000001001 1001 111111100001 10011001100110000:3DAH 
> 191111110101010101010101010101010101010101010101010101010101010101010101010101010111:SCLL 
> 191191110101010101010101010101010101010101010101010101010101010101010101010101010111:SCLH 
>111111110000000000 00000000 000000000000 000000NDCRONCODDCOCOONGOOOOGROCOGOGOOO0NNNN0NN-a 

> 000000001 1000000000 000C0CD000DNCOCOCDGCOOOOOOROCADDOOODOOOONOOAGRGCONOOOOCOGOOONOOd 

> 000000000011111111111111110000000000000000000000000000000000C00R0CDN0000000000000000:c 

> 000000000000000000000000001 1 DddODDODODDOODOOOOOODODOOOCOCONOOAOOOOOOOOOOGGOGOOOOONNGW 

> 0000000000000000000000000000111111111111111 10000000000000000000000000000000000000000:e 

> DNGDODDCOCODDODOCOODDOOOCOCOCODNDOCOCOCAONDNOOAGOODOADOCOODODOOOCOGAGOOOOOOOGONNNN+t 

> NNdDDDDDCOCOONDOOCOODOOCOCOCOOOOOOOCOCODOOCOOOOCOCOOCGOOCOOOOCOODGAGROODODOGDGNNNNNN:g 

> NdDDDDDDDNDNAODONOCODOCCNOOAOOOCOCOCOOCOOOAOOOCACCONDODOCOCOCGOGACOCOOOOGCRCRRONNRNN:h 

> 000000000000000000000000000000000000000000000000000000000000000000000000000000000000;1 

> 000000000000000000000000000000000000000000001 1 00000000000000000000000000000G00000000;; 

> d0000000C0DDDDNCDODDOCOCOOOOCONDONDOOONDCOGDN! 1 COCOCOGOGAGDDCCOCOCOGOOOOGOOCOCRRCNG:k 

> DNADAGOOCOCODOCONDCOOCCODCCCDCOCODOCOCORDNCON00NTII111111111111100000000000000000000:1 

> 000000000 000000000 0000000000 0000000000000 000000000000000000000001 1 C00000000000000000:m 

> 00000000 0000000000 00000000 0000000000000000000000000000000000000000111111111111111100:n 

> DdDAdNCAOADDOCODODdOACOOOOOOCOCOCODOOOOOCCOCOCOOOOOOCOOCOCOCCCGORONOOOODRGRNN00 1:0 

> Dd00DDDODDDNDDND DD DACDDODODNAOAOOODOCOOOOODONDOOOOOCOOCOCOCOCOOOONOCOCOCOOOOONNNNN:DO 
> Dd00000000CD D000 CCD OAOOOORdAAdOdODOOOODOAACONDOODOOOOOCOOOOOOONOCOOOOCOCOOOOORGN0N1 1:01 
> 000000000000000000 0000000000 0000000000000 0000000000000000000000000000000000000000000:02 
> DdODADDNOODODOADOOOCOOOOODNDOOOOOOOOOOADOCOOOODOCOOOGOODOOOOCOCOOCODOCOOONNDNC0CN0I 1:03 
> dddDNCACODONDOCODOOOCAGOOCOOCOCOGOCOOOOOAOCOCOGACOONOOOOOONOAOOOOOOODOOOODORNODNNNN:D4 
> dHddDOddGOOODOAAOGOOADOOODCOOOCODOOCOOODRDOOODADOOAOOODOCOODODOCDOONCOR0000000000011:05 
> 00000000000000 000000000000 00000 00000000000 000000000000000000000000000000000000000000:06 
> DN00DTdNDADADONOAOOAAOAOODOOODODOCDADOODOOONOCOCOCOODOAOOOCAOCONOOOOOOOORGRG00000011:07 
> 000000000000000000000000000000000000000000000000000000000000000000000000000000000011:08 
> DOCDCDOACOAAOADOAOOAOOOOADOAOCOGAAODOOOOOCOCOODODOCOGNDOONOOOOCOCOOCOCOOOGOOGCGRNNNN:DS 
> DddN00000 00000000000 0000 000C0C00R000000000000000000000000000000000000000000000000011:010 
> Dd00000000000C00DNDODODAAOOOOOOOAADOOOOODOOCOCODOODOOOCODOCOOOOOOOOOOOOONDOORC00N000:D11 
> 000000000000 00000000 RCD NDD0ODONdDOOOOOOOOODOONOOOOOOOODOOOCOOOOOONOONDOOOONGOONN0RII:012 
> DOddDODDCOODOAOON DOO OCOADDOOOOADOAOOODOOCDOOODOODOOOCOOOODOOOOODOOONCOOCOOOGOOND0N0N:D13 
> 0000000000 0000000 00000000000 0000000000 0000000000000000000000000000000000000000000011:014 
> 000000000 00000000 0000000 000000000000 0000000000000 0000000000000 0000000000000000000000:015 
> 000000000000000000000000000000000000000000000000000000000000000000000000000000000000:BHE 
> 000000000000000000000000000000000000000000000000000000000000000000000000000000000000:A0 
PRORDADASARDORRARRRRRSSRRORRORRDORRORRROORRORROORRORRODRRERROODRORRR OREO ORRORRASRREDRE. CI 
PRPPDRERRRORRRERREOR ROR RGARORSOREORRODLORRERREORRORIORORIEEROEREORRORRORRERERORRRRBD C4 
PROPPRERRROROR ERO RORRREROARDEROREORRERRORRORREORROREORRORRORRORREGREODIOREORERDRBREBRE. (1) 
PROPORRRRARORRERABERRRERORERORORERRRRORORODERRORORORDRDEREROREORO ROOD RRRRRRORORRRRRROE.( 3 
PA PRORRERRRODRORRRELORORORORORORORERRORORORORRORORBARDRORORORERRORRRORRRRRIDRDROR BERET. L) 
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POPPER PRERERRDOREDEREDEEREORDECSDERDEORESROSERISORSATERRORRERRDERROSEEEDIOOEIORESRICER.( 

POO RPERROREERDSUOREDERRERTERTEORREDERODEORRESDOSDPORERR REDD SERCEORSRORRORESRIERROERESRE Vi 

Pa REBRERRROREREORERERPSTOR ORIOL RROD RRSEADERSEEROSTOD OPER ROEEROAESASEEIEORESRRERRAAREOL (:] 

PO PAPER RR DSREDRRRERREREDEREODERIOEOREDRELSOREPORORSSRORORSEDRISRERESIORESEOR ORO RERERD. |) 

REC ORERERERERERSRRORER ES TEORESBORERODRESOODRIORRREREOROSSREREORORESTORERRERERSRERE AEE. UL) 

Poe CARER RES RERRSRROR RED RDERERERRRRRSRORRDREORORRDEDLOSERERREREORERERPORROORECRREREERROE. UT 
PONMOODOOOUITITUTTETTU NTA TGOTATTTNTTNTTITTATOOOOT TTI TTIT1T T1991 O0CdRC0QODNNGCRCNRNN:SDAH IN 
POODDOOOOONTINTTTITATTITINOONIFAVTNVT11019110000111911111111111 10000000C0000000000000:3DAL_IN 

> 11991111100000000000000001 10000000000000000111 1O¢NDOQDODOOGOOONTTIITTIINTSN1111101:S0AH_ OUT 

> 11191111100000000000000001 1 00000000000000001 11 1OGNODGONDOOOOOOONTITTTITIATTAIIAITITSOAL OUT 
PREP ORES SERRE RESO RAESERESIERESDRRIOSESSEROREOEREREDORORAD REAR RRRRERELIEDEEERIDERERR em) UC Che 
PR PRERPERRE DEAR RESRRRRSERDERERSRRADRSROERSAERORERERRLODRISSRRRESORREDORERESERDIESRRD UMC LUE Mag 
4720 trensistors, 2172 nodes (42 pulled up) 


2. Write Cycle Simulation 


ESIM (V3.5 03/27/91) 

initialization took 8978 steps 

initialization took 2682 steps 

initialization took 3440 steps 

initialization took 764 steps 

initialization took GB steps 

initialization tock 49 steps 

initialization took 4 steps 

initistization took 0 steps 

> 1010101010161 01016101010101010101010161010101010101010101010101010:C1K 
> 111111000000000000000000000000000000000000000000000000000000000000:FERRD 
> aaoDDODDODNANACONACOANOONCADNANONOODOOODONNDOONOONDNDNGONDNNNNNON:WR 
PU RPOCDERAESERDOESPORPOREPRTORDADEREDORSERERRROSOERERDRRESARSRREGRDE.( 4 
> 11411 1OdGCOODODCNNOCODNNOONNIIAGOOACNONOOOONOOONGCONGGONDOOONONGT T-ADY 
> 0000000001001 10011111100000091111111001111000011111111001111000000:SDAL 
> 0000000001001 1601111110000001 111111 1001111000011111111001111000000:S0AH 
> 1199111 10109010101010101010101010101010161010101010101010101010111:SCLL 
> 191109190901010401010101010101010101010101010101010101010101010111:SCLH 
>1F1111 1 1000d000NCCNACOONNdEONNCOONOOUOCOOOOUNOONCOONDODOCONNNNNN-s 

> 000000001 1 cDd0NdGDDDOODNAOONONOOONOORNDOOCOOAGORaDOONOOOGARACOOCOOD 

> 0000000000111 FITIET T1111 11 ONDCNDNOCCONORCODNOGAOOOCONOOORCOORONNND¢ 

> 000000000000000000000000001 10000000000 CNNDROOOONDOONOOOOOONORONCOEA 

> 00000000000000000000000000001111111911111111 1a000G0R00000000000NNND:s 

> OODDDDNDODOCOOONNOAOOACONONAOOODOOOCOORCOOG: 1COCRDNDOOOCONROOONO:t 

> HNAOROOOAOCOODNNOLOOOCONNDAOONNNDNCONDOOUOONNTII1NI11111111110000:9 

> NODDADNNIODGODNAADdOONNONANAOOODOOOOONNGONOOONDNNNDNNOGODD0NND 100:h 

> DOOLHDODCODDNORONDOOOONRONDOOODNNONNOOOOOONDOOOOOOONNOCONNDONNNNT I: 

> ONDDDONDONDODOONONDOODOOOOOOOODOOONNOONODOOONNDADGNNNDNNNN0NNNNNDD;) 

> GODOCDONDADOCODOODNONGOOOONCOODOODAOOONONOOOOCGOOCOONNOODOONOCONNN:« 

> GODCODNDONOOADOGOONAOOONOODOODOODOOUOOOUCOODOOONOODOOODAGOONDOCONND:! 

> PODEOONODEODODOCODDODOODOCNOOONAOCACOODOOOOOCOOOOOOOOOCOCNOORONNNO: 

> NODODDCDCONdOOCODDOONNIOONOOODNOONONOODOOCOONOOODOODACODNOCONODNON:n 

> 000000000000000000000000000000000000000000000000000000000000000000:0 

PR POREREORRORESADERDEDDERRERSORERLSREERRER DORR RESRBRREGRROSERO RESELL) 
PROP RRRRORSROROREDIORRRISEOROORRREARERIORERERORESA SE ORRORSRORSREAREP | 

> HOLDODAOODODOONAOODDODNOOOOOODOCOOOONOCOOOOONONOOODOOONDOODRONNNL:DZ 
PRRRRODRRPOROREAREDARARERDORORIOREREODSRORORD ASOD SD ESROREORRREROR BRE) 
PR TSDRREORORRRIRROLORORSERR REDDER SREOROROROREORREERESRERORBRESREREOR:. | 
PRRRRERIRPORSERERERSDREOSROREORORORERESRRISRIRRORLARREORORPRIRDR DORE!) 
PRRPRRPARRERODRRDORSRRSERDRRODESIOEDIRRERORERPSRORERERLORODERE SABRE! J 
PART AREROAPRSEESEODSRDOEOLOORESRISRERRRRERERERIREORORSO REI RRRRRORE RE YZ 
PO ERORORERERERISEORORERIRSRRELOSERRERERESDORID SOL ORERRORSARRERLEROR EL] 
Pe ORREDESREDRRRATIROORESORORERSRPALEDEREOEORERRESRRERSSRADORIRRERORE'L 
> OoDNdOODACNAOONNOODONNOONCODOONOOOOOUDOCONNNAGONNNNNRNONN0NNGNNNND-010 
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PA REDDRRRRSARRORESEEAEAERESORERESRDIOLORRERSOSDEIEAREDELSDORERIOLSEE' SS) 
PAPPPPEAREREESUSRODORDODRESEDDDRREDDRRISRPRRECORESSRERRRSRRRRSDEGDDE SPd 

PA RSREBRPORSSSLSTOERERIROROREROSEDISADRRTEAROESRERESTREDR SEED IDIE IEE IE 

PU PRPORRAERARERSESIOERRDIRIRIEISSOLEREORODSRERESPEROESORRIESR EES ORE? DT 3 

PAP EARRORORIERERRERSSREREEREOREDRESDESRERDEADDERTEDRBRDSDRESRESR ESSE 1-1 

> 2000000000000 DODO COO ONCODOOOROOOOOONDONOOODNCONHSOGOONDCDONNOOND-BHE 

> HOddGNDONDONOODOONDNONNOOBODODNOONODOODOODOONDOOOONOOOOOOGOONONGON-AD 

POPEA BORE RAPD ORDRSPODAESEARAESRODIDPORRERSRODRIEDRREALOREREREDESEODE. 3 
PRPRPRERODSLIRDOREREORRERERREEDEODREAEROREAPORRESRORERADORSDEREADSRE. F4 

> O0OHONNSODONON ONO OODOOOOODOOODOONOOEDOOOONONDOODONDASOOOONDNNNDNAN-AS 

PURO RERIREROESESRSROERSDRREREDRSORISTEOTODERSOEORRSSREREOSREDEEERI ER. (3 
PRORPDRDSDRORODERSOREREDREODEDRSORISEEEROGERDILSEESRESRECORER TODD DER.) 

POPP RPRODRRROROREDSORRRESODORLERDESEEOROSEEDEEEDRORECCEO SOE DEDREOE.( 
PRRASRORORIRERRSDSDRRSRRESDSRREEDSERECOREREODEEDALORESSOCCORSOODIEDE. Vi 
PROPOSE RRORESOSERRREEREARIEDRARERERERROERROTESRDIEARAERECREESRERESLE. |) 
PUPARORSRDDDSORESERDSDSERRSDRSDEORISRTORESRESESODDEOREOSECRRCEROREEE. (:) 
PRREDPRREROREDSERRIEORRESEDORESROOEORECBRCOREREDEEESCOEREEDRRDEEEESE. YT) 

PO PRRORERDEARORORORRSRERIERDRRSOSDOSSRORRSRERDISOREERESREOSEDRRESEDE. Sh) 
>11111111100000900000000001 100000000000000001 1000000000000000011111:SDAH_OUT 
> 119419111 00000090000000001 1 00000000000000001 1 D00000C0000000011111:SDAL_OUT 
> OOOOO00001 11100190191911100000109919081111900019901199111111100000:SDAH_ IN 
POOOOOOOOONITTTTAN ATA TATTIOGHITTITTATTNTTT1TOONTNIINNNINI111100000;SDAL_IN 
PORPPERARAALARRRERIOSOROSEODRDARORRREDERREOREDETERREDARDDEERECERISR EL ML? Ml 9 
PAUUATUUTTUT TUT TTAD TTT TA NTO TO TSE T TTT PE TONE 11990091991:00_DATA_OUT 
4720 transistors, 2172 nodes (42 pulled up) 
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APPENDIX D: CIRCUIT SCHEMATICS 


A. MICROINTERFACE WITHOUT LINE DRIVERS 





























Figure 57 Microinterface Without Line Drivers. 
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USER DERRILE Ce SE EE DT CONNECTIONS, 


B. MICROINTERFACE WITH SDA BUS LINE DRIVERS 
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Figure 58 Microinterface With Line Drivers. 
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USER REFINED CHIP SEL FCT CONNECTIONS 


APPENDIX E: 


PRELIMINARY DATA SHEET 


Component Name: Microinterface Chip 


General Description: 


Microinterface is an interface between National 


Semiconductor's NM24CF04, 
ferroelectric memory device, 
microprocessor. 


nonvolatile, serial-access, 
and Intel's 8086 
A pin diagram is shown in Figure 59. 


Pin description: 


AOQ-Al1 - Address input pins 

DO-D1i5 - Bidirectional parallel data bus pins 
SDAH/L - Bidirectional serial data bus pins 
RD/WR - Read/Write request input (active low) 
BHE - Bus High Enable (active low) 

FERRO - Chip select input (active low) 

CLK - 100 KHz clock signal input 
SDAH/L_OUT, 

SDAH/L_IN, 


HI/LO_DATA_OUT 


SCLH/L - 
RDY zs 
RESET - 


Static Power 


Dynamic Power Dissipation (worst case) 


External driver enables (active low) 
Serial Clock outputs to NM24CF04 chips 
READY output (active low) 

Input to reset Main Finite State Machine 
Dissipation (no input): 821 pW 
1.64 W 


ac « — 





mae 
Figure 59 
Pinout. 
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